A novel marine Gram-negative bacterium, designated strain GH1-23 T , was isolated from a tidal mudflat sample collected at Dongmak seashore on Gangwha Island, Republic of Korea and its taxonomic position was determined through a polyphasic investigation. The bacterium was strictly aerobic, chemoheterotrophic, catalase-and oxidase-positive, consisted of non-motile rods and grew optimally at 30 C, pH 7 and 1 % NaCl. The predominant cellular fatty acids were C 18 : 1 !7c and cyclo-C 19 : 0 !8c. The major isoprenoid quinone was Q-10. The major polar lipids were phosphatidylglycerol, a phosphoglycolipid and an aminolipid. Comparative 16S rRNA gene sequence analysis revealed that the isolate was closely related to members of the genus Maribius. The highest 16S rRNA gene sequence similarity was found to be 97.5 % to Maribius salinus followed by 97.4 % to Maribius pelagius; levels of 16S rRNA gene sequence similarity between the novel strain and other representatives of family Rhodobacteraceae were <95.5 %. The DNA G+C content was 66.7 mol % and DNA-DNA relatedness values with the type strains of species of the genus Maribius were 33-39 %. Based on combined data from a polyphasic investigation, strain GH1-23 T (=KCTC 52957 T =DSM 104950 T ) represents a novel species of the genus Maribius, for which the name Maribius pontilimi sp. nov. is proposed.
The genus Maribius, a member of the family Rhodobacteraceae, was proposed by Choi et al. [1] to accommodate two new species, Maribius salinus isolated from a solar saltern in the Republic of Korea as the type species and Maribius pelagius from surface water of the Sargasso Sea. Members of the genus are Gram-negative, obligately heterotrophic, strictly aerobic, catalase-and oxidase-positive, non-motile, rodshaped and chemotaxonomically represented by possession of Q-10 as the predominant isoprenoid quinone, C 18 : 1 !7c and cyclo C 19 : 0 !8c as the predominant fatty acids and a DNA G+C content of 66.7-70.0 mol%. During a study on bacterial diversity from marine environments, many novel strains were isolated from tidal mudflat samples from the seashore at Dongmak on Gangwha Island, in the Republic of Korea. Through a 16S rRNA gene sequence study, one isolate, designated strain GH1-23 T , was found to be closely related to members of the genus Maribius. In this report, the taxonomic position of this strain is determined through a polyphasic investigation and a new species Maribius pontilimi sp. nov. is proposed.
Strain GH1-23
T was isolated from a tidal mudflat using a dilution plating technique on marine agar 2216 (MA; Difco), which was incubated at 30 C for 2 weeks.
A tidal mudflat sample was collected 80 m offshore from the Dongmak beach on Gangwha Island, Republic of Korea For observing cell morphology and flagellation by light and electron microscopy, cells were grown on MA for 5 days at 30 C. For electron microscopy, the cells were negatively stained with 2 % uranyl acetate and observed by field emission-stereoscan electron microscopy with a STEM detector (SUPRA 55VP; Zeiss). Colony morphology, size and colour were observed on MA plates incubated for 7 days at 30 C. Growth was tested on MA at different temperatures: 4, 10, 15, 20, 25, 30, 35, 37 and 40 C. The pH range for growth was investigated in marine broth (MB; Difco) that had been adjusted to pH values between 4 and 10 (at intervals of 1.0 pH unit) by using sodium citrate/citric acid (pH 4-5), potassium dihydrogen phosphate/NaOH (pH 6-8) and bicarbonate/carbonic acid (pH 9-10) buffers. The pH of each broth was also checked after sterilization. Growth was tested by using NaCl-free MB (prepared according to the Difco formula except that NaCl was omitted) supplemented with various NaCl concentrations [0, 0.5, 1.0, 3.0, 5.0, 7.0, 9.0, 11.0, 13.0, 15.0 and 20.0 % (w/v) as final concentration]. The requirement for Mg 2+ ions for growth was examined in MA prepared without the addition of MgCl 2 and MgSO 4. Bacteriochlorophyll a production was determined spectrophotometrically with methanol extracts prepared from culture grown on MB for 5 days at 30 C. Gram reaction, anaerobic growth and the activities of catalase and oxidase were investigated on MA as previously described [2] . Biochemical tests and assimilation of carbohydrates were performed using API ZYM and API 20NE strips (bioM erieux) according to the manufacturer's instructions. For preparation of inoculum, cells were grown on MA at 30 C for 7 days and suspended in a 1 % (w/v) solution of sea salts (Sigma). Carbon utilization was tested on basal agar medium [3] containing 1 % carbohydrates and alcohols and 0.1 % organic acids. Susceptibility to antibiotics was determined on MA plates using discs (BD) containing the following antibiotics (g): amikacin (30), ampicillin (10) , chloramphenicol (30), erythromycin (15) , gentamycin (10) , kanamycin (30), nalidixic acid (30), pencillin (10 IU), polymyxin B (300 IU), streptomycin (10), tetracycline (30) and vancomycin (30).
The cells of strain GH1-23
T were non-motile rods (0.8-1.2Â1.2-2.3 µm) (Fig. S1 , available in the online version of this article). Colonies were light brown in colour, circular and convex with entire margins, and reached 0.3-1.5 mm in diameter after incubation for 7 days on MA at 30 C. Other physiological and biochemical characteristics are given in Table 1 and in the species description.
For isolation of genomic DNA and chemotaxonomic analysis, cells were cultivated in MB for 5 days at 30 C in a shaking incubator (180 r.p.m.). Genomic DNA was prepared using the method of Hopwood et al. [4] except that treatment with lysozyme was omitted. Amplification of 16S rRNA gene by PCR and direct sequence determination were performed using an automatic DNA sequencer (model 3730XL; Applied Biosystems). The primers used for PCR and sequencing were 27F (5¢-AGAGTTTATCMTGGCT-CAG-3¢), 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢), 518F (5¢-CCAGCAGCCGCGGTAATACG-3¢) and 805R (5¢-GACTACCAGGGTATCTAATC-3¢). The 16S rRNA gene sequence of strain GH1-23 T was aligned with the corresponding sequences retrieved from the EzBioCloud server (http://www.ezbiocloud.net/) by CLUSTAL_X software [5] . The alignment was further checked and manually optimized according to the secondary structure of the 16S rRNA molecule of Escherichia coli [6] . Phylogenetic trees were reconstructed using three different algorithms integrated in the PHYLIP software package [7] : the neighbour-joining [8] , maximum-parsimony [9] and maximumlikelihood [10] methods. Evolutionary distances were calculated using the method of Jukes and Cantor [11] for reconstruction of a neighbour-joining tree. Bootstrap analysis [12] based on 1000 replicates was carried out to assess the robustness of the tree topology.
The neighbour-joining tree ( Fig. 1 ) based on 16S rRNA gene sequences showed that strain GH1-23
T was related most closely to the genus Maribius and formed a subline at the foot of the genus Maribius, being supported with a bootstrap value of 97 %. This relationship was also found in the trees reconstructed by the maximum-parsimony and maximum-likelihood methods. Strain GH1-23 T shared 16S rRNA gene sequence similarity of 97.5 % with M. pelagius B5-6 T and of 97.4 % with M. salinus CL-SP27 T and showed 16S rRNA gene sequence similarity <95.5 % with other representatives of the family Rhodobacteraceae. They were susceptible to amikacin (30 µg), ampicillin (10 µg), chloramphenicol (30 µg), erythromycin (15 µg), gentamycin (10 µg), kanamycin (30 µg), pencillin (10 IU), polymyxin B (300 IU), streptomycin (10 µg), tetracycline (30 µg) and vancomycin (30 µg), but resistant to nalidixic acid (30 µg). All strains were positive for aesculin degradation, esterase (C4), esterase lipase (C8), leucine arylamidase and naphthol-AS-BI-phosphohydrolase, but negative for nitrate reduction, arginine dihydrolase, gelatin hydrolysis, glucose fermentation, indole production, urease, N-acetyl-b-glucosamidase, acid phosphatase, alkaline phosphatase, a-chymotrypsin, cystine arylamidase, a-fucosidase, a-glucosidase, b-glucuronidase, lipase (C14), a-mannosidase and trypsin.
Characteristic 1 2 3
Growth at/with:
Utilization of:
*Different from data previously reported [1] . †Data of reference strains taken from Choi et al. [1] .
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Isoprenoid quinones and polar lipids were extracted according to the integrated procedure of Minnikin et al. [13] . The isoprenoid quinones were analysed using a reversed-phase high performance liquid chromatograph equipped with a Hypersil ODS (250Â4.6 mm; Thermo Scientific) column. A mixture of actetonitrile/tetrahydrofuran (7 : 3, v/v) was used as the mobile phase at a flow rate of 1 ml min À1 at room temperature. The isoprenoid quinones were detected by UV absorbance at 275 nm. The polar lipids were analysed by two-dimensional TLC as described by Minnikin et al. [14] and identified by comparison with authentic standards and further by using several spraying reagents (molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents). The DNA G+C content of strain GH1-23 T was analysed by HPLC as described previously [15] .
The major isoprenoid quinone of strain GH1-23 T was Q-10, which was in agreement with that of members of the genus Maribius [1] . The major polar lipids of strain GH1-23 T were found to be phosphatidylglycerol, a phosphoglycolipid and an aminolipid, with minor amounts of phospholipids
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Palleronia soli CAU 1105 T (KP064190) and lipids (Fig. S2) . It has been reported by Lai et al. [16] that the two type strains of the species of the genus Maribius contained phosphatidylglycerol and phosphatidylethanolamine. However, in this study phosphatidylethanolamine (positive for both ninhydrin and molybdenum blue reagents) was not detected, and an aminolipid (positive only for ninhydrin reagent) was found in both type strains (Fig. S3) . Thus, the polar lipid profiles of M. salinus KCTC 23051 T and M. pelagius KCTC 23052 T were similar to that of strain T in that they contained phosphatidylglycerol, a phosphoglycolipid and an aminolipid as the main polar lipid components (Figs S2 and S3) . The DNA G+C content of strain GH1-23 T was 66.7 mol%.
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The cellular fatty acids of strain GH1-23 T and the type strains of the two Maribius species were saponified, methylated, and extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI, version 6.1), using cells grown on MA for 5 days at 30 C. The resultant fatty acid methyl esters were analysed by GC and identified using the RTSBA 6 library of the Microbial Identification System. The cellular fatty acid profile of strain GH1-23 T is given in Table 2 , showing that the major fatty acids (>10 % of the total fatty acids) were C 18 : 1 !7c and cyclo-C 19 : 0 !8c. The reference strains of the genus Maribius, M. salinus KCTC 23051 T and M. pelagius KCTC 23052 T , exhibited similar patterns of cellular fatty acids to those previously reported [1] in that the predominant fatty acids were C 18 : 1 !7c and cyclo-C 19 : 0 !8c. The absence of fatty acids C 17 : 0 , C 20 : 1 !7c, and 3-OH C10 : 0 could be used to differentiate strain GH1-23
T from the type strains of both species of the genus Maribius.
DNA-DNA hybridization was fluorometrically performed using microdilution wells as described by Ezaki et al. [17] . The DNA of strain GH1-23 T was labelled with photobiotin acetate (0.5 mg ml
À1
; Sigma) and used as a probe. The temperature for DNA-DNA hybridization was 52 C. T by utilization of carbon sources, by possession of certain enzyme activities, by being unable to grow at 35 C and with 9 % (w/v) NaCl, and by not requiring Mg 2+ for growth.
Based on combined data obtained from polyphasic investigation, strain GH1-23 T represents a novel species of the genus Maribius, for which the name Maribius pontilimi sp. nov. is proposed.
EMENDED DESCRIPTION OF THE GENUS MARIBIUS CHOI ET AL. 2007
The description of the genus Maribius is as given by Choi et al. [1] , with the following modifications. The major polar lipids are phosphatidylglycerol, a phosphoglycolipid and an aminolipid. The requirement of Mg 2+ for growth is variable depending on species.
DESCRIPTION OF MARIBIUS PONTILIMI SP. NOV.
Maribius pontilimi (pon.ti.li¢mi. L. masc. n. pontus sea; L. masc. n. limus mud; N.L. gen. n. pontilimi of mud of the sea, where the type strain was isolated).
Cells are Gram-stain-negative, strictly aerobic, catalaseand oxidase-positive, non-motile rods (1.2-2.3 µm long and 0.8-1.2 µm wide). Colonies are light brown-coloured, opaque, circular, convex with entire margins and reach 0.3-1.5 mm in diameter after incubation for 7 days at 30 C. Growth occurs at 10-30 C (optimum, 30 C) and pH 6-10 (optimum, pH 7). Growth does not occur at 35 C and pH 5. Growth occurs in the presence of 0.5-5.0 % (w/v) NaCl (optimum, 1 %). Does not contain bacteriochlorophyll a as a photosynthetic pigment. Does not require Mg 2+ for growth. Using the API 20NE system, tested positive for aesculin hydrolysis, but negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease and gelatin hydrolysis. When tested using the API ZYM system, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase (weak), naphthol-AS-BI-phosphohydrolase, a-galactosidase and b-glucosidase are positive, but alkaline phosphatase, lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, b-galactosidase, b-glucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase are negative. Utilizes L-arabinose, citrate, dextran, D-fructose, D-galactose, D-glucose, glycerol, lactose, malate, maltose, D-mannose, melezitose, methyl a-D-mannoside, raffinose, L-rhamnose, trehalose and D-xylose as 
